Introduction
Molecular cloning of the M53 cDNA for secretory proteins of Mr 24000 whose corresponding mRNAs are accumulated in the mouse caput epididymidis, under androgenic control has recently been reported (Ghyselinck et ai, 1990) . Antibodies against Mr 24 000 androgen-regulated epi¬ didymal secretory proteins, which represent a substantial proportion of total newly synthesized and secreted proteins within the organ, have revealed association with the sperm head (Jimenez et ai, 1990) . In general, such proteins are thought to play an important role, as yet undefined, in the maturation of spermatozoa, leading finally to their acquiring the ability to bind and fertilize oocytes (Orgebin-Crist et ai, 1975; Fournier-Delpech et ai, 1984) . As an aid in elucidating physio¬ logical function and adrogenic control of the Mx 24 000 proteins, the primary amino acid sequence was deduced from cDNA sequence and compared with entries in protein-sequence data bases.
Materials and Methods
Molecular cloning of the cDNA has been described previously (Ghyselinck et ai, 1990) . Nuclease Bal 31 (Promega Biotec, Madison, WI, USA) deleted DNA fragments (Nixon, 1987) (Sanger et ai, 1980) . DNA was sequenced by the dideoxy-chain-termination method (Sanger et ai, 1977) Bull computer (Dessen et ai, 1990) . The primary amino acid deduced sequence was compared with entries in the GenPro data bank. Optimal alignment of sequences was according to the algorithm of Kanehisa (1984) .
Results
The M 53 cDNA for Mr 24 000 epididymal proteins was mapped for cleavage sites by several restriction endonucleases ( Fig. 1) and appropriate fragments were subcloned into M13 vectors, to be sequenced. The cDNA consists of 1471 base pairs (Fig. 2) . The longest open reading frame (ORF) of 525 base pairs starts at the first base and is unfortunately 5' incomplete, as it does not start with the methionine codon contained in the translation initiation consensus sequence ACCATGG (Kozak, 1986 (Kramerov et ai, 1979) . Amongst the six defined Bl subfamilies (Quentin, 1989) , the best sequence alignment (66% homology) is obtained with the F group (not shown). This retroposon is flanked by a seven-base direct repeat and extensive 5' A-G rich and 3' -C rich regions. The sequences which could corres¬ pond to intragenic consensus RNA Pol III promoters (Geiduschek & Tocchini-Valentini, 1988 ) are bold typed. They are well conserved.
The primary amino acid sequence deduced from the M53 cDNA ORF gives rise to a peptide having a basic calculated pi . This is in good agreement with the isoelectric points of the Mr 24 000 epididymal proteins, which are found between 7 and 9, as determined by isoelectric focusing (Ghyselinck et ai, 1989) . There is an unusually high leucine (9%), and phenylalanine (8%) content, and a very low alanine (3%) content, relative to the average amino acid distribution in proteins (Doolittle, 1981) . No consensus sequence for potential TV-glycosylation sites (Asn-X-Ser or Asn-X-Thr) are present within the sequence, although the mature Mr 24 000 proteins are known to be glycosylated (unpublished observations). The plot for hydrophilicity (Hopp & Woods, 1981) of the deduced ORF reveals successive stretches of hydrophobic and hydrophilic amino acids in the TVterminal domain; the C-terminal region of the proteins is essentially hydrophobic (Fig. 3) . Nevertheless, using the algorithm of Eisenberg et al. (1984) , no membrane-spanning-associated helix is predicted in the protein, which is classified as peripheral membrane protein (Kleine et ai, 1985) . Comparison of the deduced protein with a library of protein sequences revealed significant homology with members of the glutathione peroxidase family (Fig. 4) . The conserved residues are spread uniformly along the central length of the protein. The cDNA ORF sequence shows 66-6, 66, 65-2, 64-5 and 631% homology with mouse (Chambers et ai, 1986) , rat (Ho et ai, 1988; Reddy et ai, 1988; Yoshimura et ai, 1988) , human (Ishida et ai, 1987; Mullenbach et ai, 1987; Sukenaga et ai, 1987) , rabbit (Akasaka et ai, 1989) and bovine (Giinzler et ai, 1984) selenium-dependent glutathione peroxidase (E.C. 1.11.1.9), respectively. A smaller similarity (56%) is observed also with the BtuE polypeptide involved in vitamin B12 transport in E. coli (Friedrisch et ai, 1986 ).
Discussion
The M53 cDNA clone is demonstrated to select abundant mRNA populations specific to the principal cells of the caput epididymidis (Faure et ai, 1991) that encode proteins of Mr 26000 which are processed in vitro, in the presence of microsomal membranes, into proteins of Mr 24 000 (Ghyselinck et ai, 1989 (Ghyselinck et ai, , 1990 . The predicted amino acid sequence for the protein shows similari¬ ties with the glutathione peroxidase. Highly conserved areas can be seen and overall homology as high as~67% is observed. Glutathione peroxidase (E.C. 1.11.1.9) is distributed widely in many tissues and organs (Chow & Tappel, 1972) while mRNAs homologous to the M53 cDNA probe are only E E 5 .1 (Chambers et ai, 1986) . The corresponding UGA codon is not present in M53 mRNA. It has been replaced by a UGC codon directing the incorporation of cysteine. It is unknown whether the MT 24 000 epididymal proteins contain selenium that also can be post-traductionally incorporated into proteins (Kleene et ai, 1989 containing peptides are essential components of sperm or seminal plasma (Saaranen et ai, 1989) and are generally related to sperm motility (Wallace et ai, 1983) . Glutathione peroxidase plays an important role in detoxification of lipid peroxide (Sunde & Hoekstra, 1980) . In human spermato¬ zoa, lipid peroxidation occurs (Alvarez et ai, 1987) . It is required to increase the capacity to bind to zona pellucida (Aitken et ai, 1989) , but is also implicated in the aetiology of some male infertility (Aitken & Clarkson, 1987; Aitken et ai, 1988) . Enhanced lipid peroxidation is known to activate phospholipase A2 (Ungemach, 1985) , which induces acrosome reaction (Bennet et ai, 1987) . Thus, it is likely that protection systems against such peroxide damage are necessary to prevent antici¬ pated acrosome reaction in the male genital tract. It has been demonstrated that mouse spermato¬ zoa and epididymal fluid contain high concentrations of glutathione and selenium-dependent glutathione peroxidase activity (Alvarez & Storey, 1984 and personal observations), which is the major protective system against oxidative damage (Alvarez & Storey, 1984) . These observations emphasize the sequence homology found between the glutathione peroxidase and cloned protein that is proposed to bind to the sperm head in the acrosome region (Jimenez et ai, 1990 ). We have not demonstrated directly the enzymatic nature of the protein and it will be the subject of future studies.
Sequence homology is also observed with the BtuE peptide, which is a vitamin B12 transport protein in E. coli (Friedrisch et ai, 1986) . Little is known about the role of vitamin B12 in sperm physiology. In eucaryotic cells, it is a component of the coenzyme implicated in the synthesis of succinyl coenzyme A. This could be related to sperm metabolism, including fatty acid degradation.
In terms of regulation, this report stimulates the basic question about the mechanism by which the gene is regulated by testosterone. The sequence homology of the cDNA with a so-called 'house¬ keeping' gene, which is not usually regulated by the hormone is described. The molecular basis of the mechanism by which the gene would have turned into a testosterone-dependent gene is not known. The presence of a retroposon in the 3' region of the cDNA, which is not represented in the ancestral gene (Chambers et ai, 1986) , leads one to suppose that gene duplication(s) and/or recombination(s) must have occurred. Genomic cloning will provide more information about gene organization and evolution.
